EOGEWQGQ  ARSENAL 
TECHNICAL  REPORT 


EATR  4567 


BiS  OF  NONREACTIVi  ENVIRONMENT 

MOLECULAR  ASSOCIATION  EFFECTS 
WITH  METHYLVIOLOOEN 


by 

Ed  ward  4,  Poziomok 
Raymond  A,  Meckay 


November  1971 


DEPARTMENT  OF  THE  ARMY 
EDGEWOGD  ARSENAL 

Laboratories 

Physical  Research  Laboratory 
Edgewood  Arsenal,  Maryland  21( 


UNCLASSIFIED  _ 

Security  CiB»)i(igcittii'n’  . .  . 

DOCUMENT  CONTROL  DATA  -RAD 


( ’Socur i t y  cj* « 1 1 f tr a ti on^oi  tt >/»,  6od>-  p/  4i4<T*tr  tnd  ind+xins  tofldttitM  #mj#r  a*  »nr*f»tf  ivften  <h»  ov*t«it  r»pon  i»  cf*»4fW4tfj 


».  ORIGINATING  AC  TIL  " V  (Cotpot*!*  BUihor) 

a*.  arport  tcconiTY  clarification 

00,  Edgewood  Arsenal 

UNCLASSIFIED 

ATTN:  SMUEA-R-PRR 

2b,  0H6UP 

Edgowood  Arsenal,  Maryland  21010 

NA 

3  fXtPOHT  TtTL  tt 


PROBES  OF  NONREACTIVE  ENVIRONMENT?  II.  MOLECULAR  ASSOCIATION  EFFECTS  WITH 
METHYLVIOLOGEN 


<•  OEVCfMMTIVG  NOTK9  (l)fp9  ot  4Jnt/  Indu^lv* 

Thitf  work  wuo  performed  in  January  1971* 

a  au  Tuom'si  '(First  n«ci«,  TnHSlt  inltht71as;  name) 

Iidward  J?  Fozloraek  and  Raymond  A,  Mackay 


fl  REPORT  0AY5 

November  1971 

TO.  TOTAL.  HO,  OP  PAGES 

21 

7b.  NO.  OP 

11 

M.  CONTRACT  OR  OOANT  NO. 

jVB.  OKIOtNATQfV#  RgPQftT  NUMVCRtB)  | 

b.  PNOJ  EC  T  NO, 

EATR  4567 

Task  No.  HS662710AD2901 

4b.  OTHtlt  RIPORT  KOI9I  Mny  Other  nufllb*M  b* 

d. 

Wil*  npott) 

\0.  CiJTniBUTION  f  TATfcMENT 


Approved  for  public  release;  distribution  unlimited. 


3T  SUPPLCMCNTARY  NOT** 


la.  IPONlOniNO  MILITARY  ACTIVITY 


m 


TIT  A  04  TR  AC  T  "  .  *  '  -  "  ‘ .  1  rL  1 

The  purpose  of  this  investigation  was  to  learn  more  about  the  discovery  that  the  epr 
(electron  paramagnetic  resonance)  spectra  of  methylviologen  cation  radical  chloride 
vary  markedly  depending  on  the  environment  in  which  the  radical  was  produced, 
Methylviologen  cation  radical  chloride  was  formed  by  allowing  0.5,  2.5  X  10  ,  and 

1.35  X  10*3  M  aqueous  solutions  of  1  ,1,-dimethyl-4,4’«bipyridinium  dichloride  to  react 
with  either  zinc  or  diethylamlne.  The  radical  formed  in  the  presence  of  the  highest 
concentration  of  the  bipyridinium  dichloride  exhibited  a  single  epr  line,  whereas  that 
formed  at  the  lower  concentrations  showed  «  multiline  pattern.  The  single  epr  line  la 
attributed  to  a  molecular  association  between  methylviologen  cation  radical  chloride 
and  1,1,*>dimethyl»4|,4,*bipyridinium  dichloride  (methylviologen  dication  dichloride). 
Rapid  exchange  in  the  complex  explains  the  loss  of  hyper fine  structure  in  the  epr 
spectra.  This  finding  may  be  useful  in  designing  studies  involving  electron  transfer 
in  many  chemical  and  biochemical  systems,  Viologen  complexes  may  be  helpful  as  chain 
carriers  of  electrons  between  molecular  sltea,  thus  acting  as  a  probe  for  what 
normally  would  be  a  nonreactive  system, 
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FOREWORD 


The  work  described  in  this  report  was  authorized  under  Tusk  1B662710AD2901, 
Chemical  Detection  and  Identification  Technology,  Detection  and  identification  Concepts.  The 
work  was  performed  in  January  1971.  The  results  are  recorded  in  notebook  7554. 

Reproduction  of  this  document  in  whole  or  in  part  is  prohibited  except  with  permission 
of  the  Commanding  Officer,  Hdgewood  Arsenal,  ATTN:  SMUEA-TS-R,  Bdgewood  Arsenal, 
Maryland  21010;  however,  DDC  a  ul  The  National  Technical  Information  Service  arc  authorized  to 
reproduce  the  document  for  United  States  Government  purposes. 


DIGEST 


The  purpose  of  this  investigation  was  to  learn  more  about  the  discovery  that  tile  epr 
(electron  paramagnetic  resonance)  spectra  of  methylviologen  cation  radical  chloride  vary  markedly 
depending  on  the  environment  in  which  the  radical  was  produced.  Methylviologen  cation  radical 
chloride  was  formed  by  allowing  0.5,  2,5  X  10“2,  and  1.35  X  10" 3  M  aqueous  solutions  of 
l,r-dim“thyl-4<4’-bipyridinlum  dichlorlde  to  react  with  either  zinc  or  diethylamine.  The  radical 
formed  in  the  presence  of  the  highest  concentration  of  the  bipyridinium  dichloride  exhibited  a 
single  epr  line,  whereas  that  formed  at  the  lower  concentrations  showed  a  multiline  pattern.  The 
single  epr  line  is  attributed  to  a  molecular  association  between  methylviologen  cation  radical 
chloride  and  l  )r-dimethyl'4,4'bipyridiniuni  dichioride  (methylviologen  dication  dichloride).  Rapid 
exchange  in  the  complex  explains  the  loss  of  hyperfine  structure  in  the  epr  spectra.  This  finding 
may  be  useful  in  designing  studies  involving  electron  transfer  in  many  chemical  and  biochemical 
systems.  Viologen  complexes  may  be  helpfui  ns  chain  carriers  of  electrons  between  molecular  sites, 
thus  acting  as  a  probe  for  what  normally  would  be  a  noiueuetive  system. 
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PRODES  OF  NONREACTIVE  ENVIRONMENT 
U.  MOLECULAR  ASSOCIATION  EFFECTS  WITH  M FTH V L V 10 LOG F N 


I.  INTRODUCTION. 

Wc  have  been  interested  in  viologen  radicals  in  connection  with  chemical  detection 
mechanisms  Involving  electron  transfer.1  During  the  course  of  these  studies.  It  was  discovered  that 
the  epr  {electron  paramagnetic  resonuncc)  spectra  of  methylviologcn  eutlon  radical  chloride  (I) 
varied  markedly,  depending  on  ihe  environment  in  which  the  radical  was  produced  it  was  of 


C!' 

! 


interest  to  learn  more  about  this  effect  because  it  appeared  to  provide  u  new  method  of  probing 
molecular  environment.  Vlologens  hove  been  used  as  herbicides,  oxidation-reduction  indicators, 
inhibitors  of  electron  transfer  in  both  the  cytochrome  cr-dn  of  chloroplosts  and  ihe  cytochrome 
chain  of  mitochondria,  and  electron  carriers  in  enzyme  systems,  to  mention  a  few  things. 


II.  EXPERIMENTATION, 


A.  Reduction  With  Zinc. 

About  700  ml  of  distilled  water  (prepared  using  a  Corning  AG-3  distillation  apparatus) 
were  placed  in  a  I  -liter  Erlenmeyer  flusk.  The  water  was  allowed  to  boil  for  10  minutes;  the  flask 
was  placed  In  a  glove  bag  (containing  nitrogcr  gas)  and  allowed  to  cool  while  nitrogen  was  bubb'ed 
through  the  solution,  The  water  was  used  to  till  a  250-nil  volumetric  flask  containing  0.0870  gram 
methylviologcn  diehlofide  (1,1 ‘-dimethyl-4, 4’-bipyridinium  dichlorkle,  11)  giving  n  1.35  X  1 0_  3 A/ 


CH!  , 


rw  w 

cf  ci 

u 


solution.  One  piece  of  zinc  shot  (previously  washed  with  dilute  HOI)  was  placed  in  the  flask.  The 
solution  was  stirred  magnetically.  Samples  were  withdrawn  over  a  3-hour  period  into  epr  and 
spectrophotometric  absorption  cells.  Epr  measurements  were  performed  using  a  Varum  E-3 
spectrometer;  visible  and  ultraviolet  absorption  curves  were  obtained  with  a  Cary  14  spectro¬ 
photometer.  Typical  results  are  shown  in  figures  I  and  2,  Time  of  sampling  made  little  difference 
except  for  absorption  intensity. 

In  another  experiment.  1 ,25  grams  of  11  was  used  to  prepare  10  ml  of  0.49  M  solution. 
One  zinc  shot  was  added.  Samples  of  solution  were  withdrawn  at  3  and  45  minutes.  Epr  spectra  are 
given  in  figure  3.  A  visible  absorption  spectrum  appears  in  figure  4. 


‘Po'zlomek,  E.  J.  CRDLR3295.  Perspectives  in  Detection.  August  1965.  UNCLASSIFIED  Repott. 

"Pozlomok,  ii.  j.  Cyclic  Catalytic  Reactions  ns  Ampltitors  in  Chemical  Detection.  Army  Res.  Develop.  Mews  Mao 
77,40  (1970). 
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Figure  2.  Visible  Absorption  Spectrum  of  Metbyiviologen  Cation  Radical  Chloride  (!)  Obtained 
Dur'nga  Reduction  With  Zinc  of  a  1.35  X  10" 3  M  Aqueous  Solution  of 
1  ,r-Diinethyl-4,4’-Bipyridinium  Diehloride  (II) 

*mux  =  603  mu. 


All  the  operations  described  above  (with  exception  of  the  spectral  measurements)  were 


in  a  n i t h-fr  jlhcl  rrl™/f> 

- -  U  »iiH  Vt5vl‘  ““V'*  C 
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'  solutions. 


lOwevei,  simuar  results 


were  obtained  without  taking  precautions  to  exclude  air.  For  example,  25  mg  of  zinc  dust  were 
added  to  5  ml  of  2.5  X  !  0“ 2  M  aqueous  II.  The  resulting  blue-purple  mixture  was  filtered 
immediately.  The  epr  spectrum  is  given  in  figure  5.  Spectra  similar  to  that  shown  in  figure  1  were 
obtained  when  the  reaction  was  allowed  to  proceed  longer.  When  4.2  mg  of  zinc  dust  was  added  to 
1  ml  of  0.39  M  II  and  the  mixture  placed  directly  into  an  epr  cell,  spectra  similar  to  the  more 
intense  one  shown  in  figure  3  were  obtained. 


B.  Reduction  With  Diethylamine. 

To  1  ml  of  a  nitrogen  purged  solution  of  0.5  M  aqueous  II  was  added  2  #i  diethylamine. 
(This  gave  a  solution  approximately  2  X  10-2  M  in  diethylamine.)  The  solution  turned  dark 
immediately  and  was  transferred  in  air  to  an  epr  cell  The  first  spectrum,  which  was  obtained  at  5 
minutes  after  preparing  the  solution,  showed  a  single  line.  The  intensity  at  65  minutes  was  about 
five  times  that  observed  in  the  beginning. 
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Figure  3.  Ei’R  Spectra  of  Methylviologeu  Cation  Radical  Cidoridc  (1)  Obtained  During  an  Initial  (A)  and  a 
Later  (B)  Stage  of  the  Reduction  With  Zinc  of  a  0.60  M  Aqueous  Solution  of 
1,1  ’-DimethyM,4’-Bipyridinium  Dichloride  (II) 

S  -  2-00. 
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Figure  4.  Visible  Absorption  Spectrum  of  Methylvioiogen  Cation  Radical  Chloride  (I)  Obtained 
During  an  Initial  Stage  of  the  Reduction  With  Zinc  of  a  0.60  M  Aqueous  Solution  of 
1,1  ’-Dimethyl-1, 4 ’-Bipyridiniuni  Dichloride  (11) 

~  55^,  601  nm. 


In  another  experiment  it  was  found  that  a  solution  2.5  X  10" 3  M  in  II  and  0.5  M  in 
diethylaminc  gave  a  multiline  epr  pattern. 

C.  Methylviologen  Dication  Dichloride  (II). 

Compound  II  was  obtained  from  Galltu'd  Schlesinger  Chemical  Manufacturing  Corpora¬ 
tion.  The  sample  was  part  of  lot  2906210  with  a  listed  redox  potential  (Eq)  at  pH  7,0  of  -0.51  1 
volts.  It  was  used  as  received  for  the  diethylaminc  experiments  and  recrystallized  from 
metlmnol-aeetone  for  the  zinc  rims. 

111.  DISCUSSION. 

A  monomer-dimer  equilibrium  of  viologen  cation  radical  (equation  1 ) 


has  been  the  subject  of  special  attention  during  the  last  decade.3*6  Concentration  dependence  of 
spectra  together  with  previous  reports  on  the  reversibility  of  the  absorption  changes  with 
temperature  have  been  used  to  substantiate  the  presence  of  this  equilibrium.3  •'*  The  dimer  has  been 
presumed  to  be  a  dkadlcal  composed  of  two  molecules.  The  possibility  that  It  might  be  a  complex 
of  viologen  dication  and  a  1 , 1  ’-diliydro-4,4’-bipy rklino  was  eliminated  because  gross  differences  do 
not  exist  between  spectra  of  monomer  and  dimer., 

The  relative  strength  of  the  epr  signal  from  methylviologen  radical  in  water  was  reported 
to  decrease  with  increasing  concentration.6  (This  is  in  accord  with  the  formation  of  a  diamagnetic 
dimer.  1  The  decrease  in  paramagnetism  was  much  greater  than  that  predicted  for  a  simple 
monomer-dimer  equilibrium  and  was  ascribed  to  clustering.  Also,  it  has  been  reported  that  the 
multiline  pattern  of  methylviologen  radical  in  water  changes  to  a  single  line  at  77°K.  An  excellent 
summary  of  the  early  history  of  viologen  chemistry  is  available.4 

As  mentioned  in  the  introduction,  we  have  been  interested  in  viologen  radicals  in 
connection  with  chemical  detection  mechanisms  involving  electron  transfer.1  -2  During  the  course  of 
those  studies,  it  was  discovered  that  the  concentration  of  II  has  marked  effects  on  the  epr  spectra  of 
I.  When  I  is  generated  in  the  presence  of  appreciable  amounts  of  II  in  water  (in  our  experiments 
about  0.5  M),  the  epr  signal  appears  as  a  singie  line  (figure  3).  Multiline  spectra  at  room  temperature 
have  been  reported  by  others4’5-7  and  were  found  by  us  when  the  radical  was  prepared  in  aqueous 


Mm— ■  1 1— 

3Sehwarz,  W.  M„  Jr.  Investigation  of  Stable  Free  Radicals  Formed  by  Electrorcihiction  of  N-Alkylpyridinium 
Salts.  Mi. D.  Thesis.  University  of  Wisconsin.  June  1961. 

4Kosower,  12.  M,,  and  Cotter,  J.  L.  The  Reduction  of  l-Mcthyl-4-cyanopyridinium  Ion  to  Methylviologen  Cation 
Radical.  J.  Amer.  Choin.  Soc .86  ,  5  5  24-5  5  27  (1964). 

5 Blandamor,  M.  J.,  Symons,  M.  C,  R.,  and  Verma,  G.  S.  P.  Ion-pair  and  Ion-duster  Formation  Induced  by  Water 
Structure.  Chom.  Comnum.  629-630  (1965). 

6B!andamer,  M.  J.,  Brivati,  J,  A„  Fox,  M,  F.,  Symons,  M,  C.  R„  and  Vermn  G.  S.  P.  Solvation  Spectra.  Part  17. 
Water-induced  Dimerization  of  Various  Dye  and  Related  Paramagnetic  Ions  Studied  by  Optical  and  Electron 
Spin  Resonaneo  Spectroscopy,  Trans.  Faraday  Soc.  63,  1850-1857  (1967). 

7 Johnson,  C,  S„  Jr„  and  Gutowsky,  H.  S.  High-Resolution  ESR  Spectra  of  Phcvochomieally  Generated  Free 
Radicals:  The  Viologens.  J.  Chem.  Ptiys.  39,  58-62  (1963). 


solutions  containing  2.5  X  1  O' }  M  or  loss  of  H  (figures  1  ami  5).  The  same  general  results  were 
obtained  regardless  of  (he  method  of  reduction  (i.e.,  use  of  zinc  or  diethylumlne).  Discussions  of  the 
reaction  of  vtologens  with  amines  and  other  bases  are  available.8 

We  attribute  the  single  epr  line  found  in  the  present  investigation  to  molecular  association 
between  mcthylviologcn  cation  radical  1  and  methylviologen  dication  II.  Rapid  exchange  in  the 
molecular  complex  explains  the  loss  of  hyperfine  structure.  Iipr  evidence  for  such  viologen 
complexation  has  not  been  noted  before.  However,  there  is  an  earlier  report  of  the  isolation  and 
analysis  of  a  solid  complex  formulated  ns  two  methytviologen  diiodides  and  one  1 , 1  ‘-dimethyl- 
l.t’-dihydro^.d’-bipyridine.10  This  complex  apparently  consists  of  two  mothylviologen  cation 
radical  iodides  and  one  mothylviologen  cation  diiodide.  Also,  a  complex  of  II  with  CuClj  has  been 
prepared  that  in  the  solid  state  contains  some  viologen  cation  radical.1 1 

The  visible  spectrum  of  1  obtained  concurrently  with  multiline  epr  curves  corresponds  to 
that  reported  previously  by  others  and  attributed  to  viologen  cation  radical  monomer.3 ^  The 
visible  spectrum  of  1  in  the  presence  of  high  concentrations  of  If  is  explained  easily  on  the  basis  of  a 
complex  of  5  with  II.  However,  the  absorption  curve  also  corresponds  to  that  reported3  for  a 
mixture  of  viologen  radical  monomer  and  dimer.  Without  additional  experimentation,  the  presence 
of  some  radical  dimer  cannot  be  ruled  out  unequivocally.  The  dimer  though,  is  diamagnetic  and 
would  not  be  expected  to  contribute  to  the  epr  signal  from  remaining  monomer. 

IV.  CONCLUSIONS. 

Mothylviologen  cation  radical  chloride  and  its  parent  compound,  l,l’-dlinethyl*4,4’- 
bipyridinlum  dichloride,  form  complexes  exhibiting  rapid  intormoiecular  exchange  of  electrons. 

This  finding  may  be  useful  in  designing  studios  involving  electron  transfer  in  many 
chemical  and  biochemical  systems.  Viologen  complexes  may  be  helpful  as  chain  carriers  of  electrons 
between  molecular  sites,  thus  acting  as  a  probe  for  what  normally  would  be  a  nonreactive  system. 


K(’orwiu,  A.  H„  Arellano,  R.  R.,  and  Chivis,  A.  B.  Anomalies  of  Viologens  in  Bases  and  Water.  Biochim.  Biophys. 
Acta  162,  533.538(1068). 

l)  Farrington,  J.  A.,  Lcdwith,  A„  and  Stain,  M.  F.  Cation-Radicals:  Oxidation  of  Mcthoxide  Ion  with  1,1’* 
Diinethyl-.M'-bipyridinimn  Diehloride  (Paraquat  Dichloride).  Client  Cotnimm.  259.260(1969). 

10I:nunert,  B„  J  lingo  k,  G„  and  ilaffner,  11.  fiber  chinhydron-artig  Verbindungen  des  Dihydro-y,  'r’-dipyridyls. 
Chum.  Bor,  57,  1792-1797  (1974). 

11  Front,  C.  K,,  and  Murray. Rust,  P.  Crystal  and  Molecular  Structures  of  the  N.N’-Diniethyl4.4’bipyridiniuin 
(Paraquat)  Salt;  with  the  Chlorometallate  anions  CoCI,“2,  ICuC^],,-"  and  PdC-l-- 3  J.  Chem.  Soc.  (A)  1 5 20- 
1525(1969). 
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